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Humans, like most animals, must battle
constantly against harmful bacteria
or fungi that enjoy living off our food,
or off us. An important line of defence
is the immune system, which detects
pathogens on or within the body. A
shrewder strategy for animals,
however, would be to avoid contact
with dangerous microorganisms
altogether. One way we manage this is
through our sense of smell: communal
fridges in laboratory cafe´s provide
clear, unappealing, olfactory signals of
long-forgotten contents succumbing to
the appetites of microscopic feeders.
However, most of these smells are
complex blends of dozens of odours
produced by both pathogenic and
non-pathogenic microorganisms.
Can olfactory systems unequivocally
indicate the presence of toxic
microbes? In a new study [1], Marcus
Stensmyr, Bill Hansson and colleagues
identify an olfactory pathway in the
fruit fly Drosophila melanogaster
that is specifically tuned to
a pathogenic microbial product and
induces robust behavioural
counter-measures (Figure 1).
Drosophila melanogaster feeds
mainly on harmless yeast strains
growing on fermenting fruit [2,3]. Such
food sources are, however, also
attractive culture conditions for
dangerous microorganisms, including
the ubiquitous Streptomyces bacteria
and Penicillium fungal moulds. Indeed,
Stensmyr and colleagues [1] show that
contaminating laboratory Drosophila
food with either Streptomyces
coelicolor or Penicillium expansum
leads to death of flies within a few days,
probably because these microbesproduce toxic metabolites or
outcompete the yeast in the medium.
Importantly, when given the choice
between food containing or lacking
S. coelicolor, flies avoid feeding and
laying eggs on the tainted medium.
How do flies detect these
pathogens? One common metabolic
product of both Streptomyces and
Penicillium species is geosmin (‘earth
smell’ in Greek), a volatile chemical that
is recognisable to humans as the scent
emanating from soil after rainfall. The
authors [1] considered geosmin as an
interesting candidate for the aversive
olfactory signal, as previous work had
shown this compound could suppress
attraction of Drosophila to vinegar
volatiles [4]. In the new study, Stensmyr
et al. [1] use a battery of assays to
demonstrate that geosmin has
numerous potent effects on behaviour:
flies run away or freeze when exposed
to geosmin, normally highly palatable
sugar solutions are refused when
spiked with this chemical, and
females avoid laying eggs near
geosmin-scented medium (Figure 1).
The effects of geosmin are
impressive, but is this the compound
that flies use to recognise and avoid
toxic microbes? Or do they rely on
a combination of volatiles to detect the
presence of these pathogens? The
authors elegantly address these
questions by making use of a mutant
S. coelicolor strain that lacks an
enzyme required for geosmin
biosynthesis [5]. Remarkably, this
strain no longer repels flies from
feeding or egg-laying, despite the
presence of other toxic chemicals that
would ultimately kill them. This
observation provides strong evidence
that geosmin is a natural — and
possibly the only — chemical cue usedby Drosophila to avoid substrates
infected with this pathogenic
bacterium.
How do flies detect geosmin?
Stensmyr et al. [1] perform an
impressively comprehensive screen of
the Drosophila olfactory system by
electrophysiological recordings and
calcium imaging of neuronal responses
to this odour. Strikingly, geosmin
activates only one class of olfactory
sensory neuron, which expresses
the odorant receptor OR56a
(Figure 1). This receptor was one of
a handful of ‘orphan’ odorant
receptors, for which ligands had
not been identified in earlier screens
of off-the-shelf chemicals [6,7], hinting
that it might be narrowly-tuned to
geosmin. The authors provide
spectacular confirmation of this
hypothesis by recording the activity
of OR56a neurons while presenting
them with the complex chemical
bouquets — separated and identified
by gas chromatography coupled to
mass spectrometry — from diverse
natural sources, including fruits,
faeces, vinegar and rotting meat.
Only three sources activate OR56a
neurons: a moss tussock, a mouldy
tomato and a culture of S. coelicolor.
Amongst the hundreds of volatiles
produced by each of these sources,
only a single compound appears
responsible for this activity: geosmin.
Together, these experiments provide
compelling evidence that flies
detect geosmin — and only
geosmin — through OR56a neurons.
Stensmyr et al. [1] then used the
promoter of OR56a to selectively drive
expression of an inhibitor of neuronal
activity in this population of neurons
to ask whether this sensory pathway
is necessary for geosmin-evoked
behaviours. Indeed, silencing of these
neurons abolishes avoidance of
geosmin and suppresses the aversive
influence of this compound on feeding.
In addition, these flies now lay eggs
upon medium containing S. coelicolor
as readily as uncontaminated medium,
Figure 1. Drosophila’s dedicated olfactory sensory circuit for geosmin.
Geosmin, produced by harmful microorganisms growing on Drosophila’s food sources, is de-
tected exclusively by OR56a-expressing olfactory sensory neurons. These neurons connect to
a select population of interneurons (DA2 projection neurons) in the primary olfactory centre,
which carry the message to higher brain centres. Activation of this olfactory circuit ultimately
induces an avoidance response, and suppresses egg laying and feeding behaviours, thereby
reducing the risk that Drosophila is infected by pathogens.
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R21suggesting that OR56a neurons are
the only sensors used to avoid this
toxic bacterium. The authors go on
to show that artificial activation of
OR56a neurons is also sufficient to
induce aversive behaviours. Notably,
stimulation of this sensory pathway
can also override the innate attraction
of flies towards the appealing odours
of fruit.
The neural basis by which geosmin
blocks attraction to these odours, and
suppresses feeding and egg-laying
remains an important open question.
Optical imaging experiments revealed
that the geosmin signal is faithfully
transmitted by a dedicated population
of interneurons from the primary
olfactory centre to central brain
regions (Figure 1), similar to
pheromone-sensing pathways [8]. It
is unknown how and where the sensory
information is further carried. However,
because this chemical affects
locomotion, feeding and egg-laying,
the geosmin pathwaymust presumably
impinge somehow upon the different
neural circuits that control these
distinct behaviours.
Why do bacteria and fungi produce
geosmin? The S. coelicolor mutant
defective in geosmin biosynthesis is
viable, indicating that this chemical
has no essential metabolic function,
at least under standard laboratory
culture conditions [5]. One speculative
possibility is that geosmin is an
‘honest signal’ [9] that the microbes
produce to indicate their presence
and so ward off fruit flies. This would
be advantageous to the
microorganisms by removing their
competition for food resources with
fruit flies and their ravenous larvae.
Fruit flies also benefit, because while
they may remain hungry, they avoid
consumption of these dangerous
pathogens. The mutual gain resulting
from the production and detection of
this signal might explain the ubiquity of
geosmin in nature, and the remarkable
selectivity of OR56a neurons.
The tight coupling between this
pathogenic signal and the olfactory
pathway does, of course, question if
and how Drosophila detects other
pathogens that do not produce
geosmin. There are certainly plenty
of orphan odorant receptors in
Drosophila, and future exploration of
the pathogen diversity in this species’
ecological niche and the chemical
signals they producemay identify other
hard-wired olfactory pathwaysanalogous to that detecting geosmin. It
is also possible that Drosophila learns
to avoid harmful microorganisms only
after initial consumption, in the way
that a bout of food-poisoning teaches
us to avoid eating (and often even
smelling) things we normally like if we
suspect they were the cause of illness.
The nematode worm Caenorhabditis
elegans — a dining partner of
Drosophila in microbe-rich decaying
vegetal matter [10] — uses both innate
and learned chemosensory responses
to avoid different types of pathogenic
bacteria [11,12].
The discovery of an olfactory
receptor mediating innate avoidance of
pathogens in Drosophila melanogaster
begs the question of whether similarly
dedicated olfactory pathways for
pathogens exist in other animals. The
authors show that geosmin-sensing
OR56a neurons are functionally
conserved across drosophilids, with
one exception: Drosophila elegans.Interestingly, this species feeds on
fresh flowers, a substrate with low
susceptibility to mould growth,
which may explain why it does not
need to detect geosmin. While
orthologues of OR56a are not
apparent outside drosophilid
genomes, it is reasonable to assume
that other types of microbe detectors
do exist, perhaps tuned to distinct
chemical signals characteristic of
pathogens abundant in different
habitats. Intriguingly, in themammalian
olfactory system, the Formyl Peptide
Receptors [13] recognise, at least
in vitro, products of bacterial
pathogens [13,14]. Might these help
us navigate our way through leftovers
in the fridge?
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Be it the infra-red sensitive organ of
a highly poisonous pit viper or an
electro-receptor in the skin of a weakly
electric fish, the gating (i.e. the opening
and closing) of specialized ion
channels, which transduce the stimulus
energy into a membrane electrical
response, is the unifying act of all
sensation. Most fundamentally,
however — and irrespective of
the specific sense to which it
contributes — the gating of a sensory
transducer channel is a mechanical
act. The easiest way to bring it
about is thus to directly use the
force provided by a mechanical
stimulus. Such a direct, mechanical
gating is widely considered to be
the hallmark of the mechanical
senses, that is, those that mediate
touch, hearing, balance and
proprioception. Emphasising the
key role that transducers play
within the process of sensation,
the particular mode of transducer
gating has even been used to
define one of the major
division lines in sensory biology,
separating direct (mechanicallygated) systems from indirect,
second-messenger-dependent
ones (which mediate the senses of
sight, smell and taste). Two recent
studies, conducted on the ubiquitous
fruit fly Drosophila melanogaster,
have now blurred the boundaries
between these two realms and
have shaken up a textbook wisdom
that had almost seemed to be set in
stone [1,2].
In the Drosophila eye, the chain
of molecular events that leads from
the absorption of a photon to the
opening of transducer channels in
the photoreceptor cell membrane
has been the object of intensive
research for more than three
decades (see [3] for a recent review).
In a nutshell, it comprises the
conversion of the photosensitive
pigment rhodopsin to metarhodopsin,
which activates a coupled G protein.
The G-protein activation, in turn, leads
to phospholipase C (PLC)-mediated
hydrolysis of phosphatidylinositol
4,5-bisphosphate (PIP2) into soluble
inositol 1,4,5-trisphosphate (IP3),
membrane-bound diacylglycerol
(DAG) and a single proton. As the
ultimate result of this complex
signalling cascade, transducerchannels — formed by the transient
receptor potential (TRP) channels
TRP and TRPL — will open and
produce the photoreceptor potential.
Just how exactly this most crucial
step of the phototransduction
cascade, namely the gating of
the actual transducer channels,
is brought about, has remained
unclear.
In an attempt to close the
mechanistic gap between the
hydrolysis of PIP2 and the gating
of TRP/TRPL, Hardie and Franze [1]
have now used atomic force
microscopy (AFM) to scan the
photoreceptor membrane for
light-induced mechanical forces
that might directly result in, or
contribute to, the gating of the
transducers. Their experiments
drew on previous evidence that
had linked PIP2 depletion to both
changes in membrane properties
and TRP/TRPL activation [4,5].
With their unconventional
approach, Hardie and Franze [1]
may have indeed found
the missing link in the Drosophila
phototransduction chain. Their results
suggest that the cleavage of the
membrane-bound PIP2 changes the
force balance of the photoreceptor
membrane and thereby leads to
rapid membrane contractions,
which (together with the released
proton) directly contribute to
transducer gating. In this scenario,
phototransduction in Drosophila
would actually represent a ‘direct’,
mechanically gated and pH-sensitive
transducer system placed downstream
